No prediction rule is currently available for advanced colorectal neoplasms, defined as invasive cancer, an adenoma of 10 mm or more, a villous adenoma, or an adenoma with high-grade dysplasia, in average-risk Chinese. In this study between 2006 and 2008, a total of 7,541 average-risk Chinese persons aged 40 years or older who had complete colonoscopy were included. The derivation and validation cohorts consisted of 5,229 and 2,312 persons, respectively. A prediction rule was developed from a logistic regression model and then internally and externally validated. The prediction rule comprised 8 variables (age, sex, smoking, diabetes mellitus, green vegetables, pickled food, fried food, and white meat), with scores ranging from 0 to 14. Among the participants with low-risk ( 3) or high-risk (>3) scores in the validation cohort, the risks of advanced neoplasms were 2.6% and 10.0% (P < 0.001), respectively. If colonoscopy was used only for persons with high risk, 80.3% of persons with advanced neoplasms would be detected while the number of colonoscopies would be reduced by 49.2%. The prediction rule had good discrimination (area under the receiver operating characteristic curve ¼ 0.74, 95% confidence interval: 0.70, 0.78) and calibration (P ¼ 0.77) and, thus, provides accurate risk stratification for advanced neoplasms in average-risk Chinese. colonoscopy; colorectal neoplasms; cross-sectional studies; logistic models; mass screening; risk factors Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval; NSAID, nonsteroidal antiinflammatory drug; SD, standard deviation.
There have been few previous studies of prediction rules for estimating advanced colorectal neoplasm risk in asymptomatic populations, all of which had important limitations (8) (9) (10) . The prediction rules of Betés et al. (8) and Lin et al. (10) were shown to have poor discrimination for advanced neoplasms. A disadvantage of the rule by Imperiale et al. (9) is that performing flexible sigmoidoscopy is a prerequisite. In addition, all of the above prediction rules require validation in other locations and sociodemographic groups before they can be applied to clinical practice.
In view of these limitations, we sought to develop and validate a new clinical prediction rule to stratify risk for advanced neoplasms in average-risk individuals. This prediction rule could be used as a guide for identifying a high-risk subgroup more suitable for examination with colonoscopy as a primary screening test. Because age is the most important colorectal cancer determinant (5) and there is sex-related differential sensitivity to the carcinogenic effects of risk factors for colorectal cancer (11) , it would logically follow that the prediction rules may need to be separately developed by age or sex. Therefore, we also performed subgroup analysis by age and sex.
MATERIALS AND METHODS

Study participants
The study protocol was approved by the institutional review board at each participating hospital. From July 1, 2006, through December 31, 2008, we enrolled consecutive, asymptomatic Han Chinese persons aged 40 years or older who came to the 19 participating hospitals for a screening colonoscopy as part of a routine health check-up. Exclusion criteria were a positive fecal occult blood test within 6 months before referral; iron-deficiency anemia within 6 months before referral; rectal bleeding or hematochezia within the preceding 12 months; an unintentional weight loss of more than 4.5 kg within the preceding 6 months; a recent marked change in bowel habits; a history of colorectal cancer, adenomas, inflammatory bowel disease, or hereditary polyposis syndromes; prior colonic surgery; a colonic examination (i.e., sigmoidoscopy, colonoscopy, or barium enema) within the previous 5 years; a family history of cancer of any type; and a medical condition (myocardial infarction, stroke, congestive heart failure, or atrial fibrillation) that could increase the risk associated with colonoscopy. If participants did not have a complete blood-cell count, a ferritin measurement, or a fecal occult blood test within the 6 months before referral, then these tests were performed before study entry. Pregnant women were excluded. All participants were interviewed before study entry to ensure that they met eligibility criteria and to obtain written informed consent.
The 19 participating hospitals were randomly divided into 2 groups: a derivation cohort and a validation cohort. 
Study procedures
All participants completed a questionnaire before undergoing colonoscopy. The questionnaire covered information on potential risk factors, including age, sex, body mass index, medical history (hypertension, diabetes mellitus, hypertriglyceridemia, and coronary artery disease), smoking, alcohol consumption, supplementation of calcium or vitamin D, use of aspirin or other nonsteroidal antiinflammatory drugs (NSAIDs), dietary intake (green vegetables, fresh fruits, eggs, milk, pickled food, fried food, red meat, and white meat), and other factors that may be associated with advanced neoplasms. The detailed assessment of these risk factors is given in the Web Appendix, including 4 Web tables, that is posted on the Journal's Web site (http://aje.oxfordjournals.org/).
Polyethylene glycol lavage solution was used for bowel preparation. Colonoscopy was performed by experienced endoscopists using a standard video colonoscope (Olympus Optical Co., Tokyo, Japan). Complete colonoscopy was defined as intubation of the cecum with photo documentation of cecal landmarks. Participants who had an incomplete colonoscopy were excluded from the analysis. The diameter of a polyp was estimated by the use of open-biopsy forceps before polypectomy was performed. All polyps removed during colonoscopy were sent for histologic examination. Polyps considered too large for polypectomy and other suspicious lesions were biopsied. Histologic specimens were reviewed by 3 expert gastrointestinal pathologists who were unaware of the colonoscopic findings. Histology of colorectal neoplasms was classified according to World Health Organization criteria (12) . An advanced neoplasm was defined as invasive cancer, an adenoma of 10 mm or more, a villous adenoma (at least 25% villous), or an adenoma with highgrade dysplasia (5, (8) (9) (10) . Persons with a pathologic interpretation of carcinoma in situ were classified in the high-grade dysplasia group. Cancer was defined as invasion of malignant cells beyond the muscularis mucosa. Participants with multiple neoplasms were categorized according to the most histologically advanced lesion.
Statistical analysis
In the derivation cohort, we performed univariate analyses to test associations of each potential risk factor with advanced neoplasms using the chi-square test for categorical variables and the unpaired t test for continuous variables. We used multivariable logistic regression with backward stepwise selection with P < 0.05 for entry of variables and P > 0.10 for removal of variables to identify independent predictors of advanced neoplasms. The independent variables were selected according to the purposeful method described by Hosmer and Lemeshow (13) . Initial candidate variables were those with P < 0.25 in the univariate analyses. Discrimination and calibration of the model were assessed by area under the receiver operating characteristic curve (AUC) and the Hosmer-Lemeshow chi-square statistics, respectively (13, 14) .
To predict the presence of advanced neoplasms in a given individual, we designed a prediction rule with the independent variables selected by the multivariate analysis. Continuous variables were converted into categorical variables. A new logistic regression model was run with these transformed variables. The score-based prediction rule was developed from the new logistic regression equations by using a regression coefficient-based scoring method (15) . To generate a simple integer-based point score for each predictor variable, we assigned scores by dividing beta coefficients by the absolute value of the smallest coefficient in the model and rounding up to the nearest integer. The total score for each participant was calculated by adding each component together. We then performed receiver operating characteristic (ROC) curve analysis and computed the AUC and its corresponding 95% confidence interval. Among the derivation cohort, the risk for advanced neoplasms was measured for each score level. In developing an ordinal set of categories of risk, we combined score levels with similar magnitudes of risk. The proportions of persons with advanced neoplasms in each risk category were compared by using the chi-square test. We chose the score that discriminated between a low-risk category and a high-risk category as the cut-off value and then calculated the sensitivity Table continues and specificity of the prediction rule. The number needed to screen was defined as the number of participants who should undergo colonoscopic screening to identify 1 patient with an advanced neoplasm. We validated the prediction rule internally using the bootstrap method in the original data set by sampling with replacement for 1,000 iterations (16, 17) . The prediction rule was also externally validated in the independent validation cohort. With the same risk categories defined in the derivation cohort, we measured the absolute risk for advanced neoplasms and the number needed to screen for each category. To compare risk across categories, P values and AUCs were measured. The sensitivity and specificity of the prediction rule in the validation cohort were also calculated to evaluate the predictive accuracy.
To evaluate the impact of different sets of variables on the performance of the prediction rule, we conducted sensitivity analyses by entering a different set of variables one at a time into a new logistic regression model and then recalculating AUCs and the Hosmer-Lemeshow chi-square statistics. One set of variables based on the strongest and most consistent risk factors for colorectal cancer included age, sex, body mass index, diabetes, and NSAIDs. Another set of variables was selected according to statistical criteria, but the diet variables were excluded. In addition, we used P < 0.05 for entry of variables and different P value cut-offs (range: 0.051-0.150) for removal of variables in the backward stepwise logistic regression analyses to obtain other different sets of variables. We repeated the derivation and validation processes to perform subgroup analyses by age and sex, respectively. We compared the performance of the rules stratified by sex or age with that of the rule not stratified by sex or age.
We also compared the performance of the prediction rule, as measured by AUC, against 2 alternative prediction rules in the validation cohort. These alternative prediction rules included a risk score by Betés et al. (8) and a risk index by Lin et al. (10) .
We performed all statistical analyses by using PASW Statistics for Windows, version 18.0, software (SPSS, Inc., Chicago, Illinois). All P values were 2-tailed, with statistical significance defined by P < 0.05.
RESULTS
During the study period, 7,817 consecutive average-risk persons underwent primary colonoscopic screening. A total of 7,541 (96.5%) persons with complete colonoscopy were included in our analysis. Their mean age was 54.7 (standard deviation (SD) ¼ 10.4) years, and 51.0% were men; 479 (6.4%) persons had at least 1 advanced neoplasm. The breakdown of advanced neoplasms was 62.4% adenoma of 10 mm or more, 9.2% villous adenoma, 8.4% adenoma with highgrade dysplasia, and 29.4% invasive cancer. There were 5,229 persons in the derivation cohort, who had a mean age of 54.4 (SD ¼ 10.3) years; 51.5% were men, and 332 (6.3%) persons had advanced neoplasms. The validation cohort contained 2,312 persons with a mean age of 55.3 (SD ¼ 10.4) years, of whom 49.9% were men. The rate of advanced neoplasms in the validation cohort was 6.4% (n ¼ 147).
Prediction rule derivation
In univariate analysis, 16 variables were associated with advanced neoplasms (P < 0.25) ( Table 1) . In multivariate analysis, age, sex, smoking, diabetes mellitus, green vegetables, pickled food, fried food, and white meat were shown to be significantly (P < 0.05) and independently associated with the risk for advanced neoplasms (Table 1 ). The regression model had good discrimination for advanced neoplasms, with an AUC of 0.75 (95% confidence interval (CI): 0.73, 0.78), and was well calibrated (P ¼ 0.61) (Web Table 1 ).
We entered all independent variables selected by the multivariate analysis into a new logistic regression model (Table 2) . In the new model, age was grouped into decades, and smoking was categorized into 2 groups (0-20 and >20 pack-years). The new model had good discrimination (AUC ¼ 0.75, 95% CI: 0.72, 0.77).
A prediction rule, including 8 variables that independently predicted advanced neoplasms in multivariate analysis, was then developed by using the regression coefficients obtained from the new model (Table 2) . A regression coefficient of 0.348 corresponded approximately to 1 point. The prediction rule also had good discrimination (AUC ¼ 0.74, 95% CI: 0.72, 0.77).
As the risk score increased, the risk for advanced neoplasms increased (Table 3 ). On the basis of similar magnitudes of risk, scores 0 through 3 were combined into a low-risk category, and scores more than 3 were combined into a high-risk category (Table 3 ). In the derivation cohort, 48.7% were considered low risk, whereas 51.3% were at high risk. The respective risks for advanced neoplasms in persons at low or high risk were 2.2% and 10.2% (P < 0.001). The sensitivity and specificity were 82.8% and 50.8%, respectively. The high-risk category contained 82.8% of all persons with advanced neoplasms. The numbers needed to screen in all persons, persons at low risk, and persons at high risk were 16, 45, and 10, respectively.
Internal and external validation
The results showed that the average AUC obtained from internal validation was the same as that from the derivation cohort (Table 4 ). This indicated that the prediction rule had good discrimination.
In the validation cohort, the risk for advanced neoplasms also increased as the risk score increased (Table 3) . With the same risk categories as defined in the derivation cohort, 49.2% of the validation cohort were considered low risk, whereas 50.8% were at high risk. The respective risks for advanced neoplasms in persons at low and high risk were 2.6% and 10.0% (P < 0.001) and were similar in magnitude to the risk estimates in the derivation cohort. The sensitivity and specificity were 80.3% and 51.2%, respectively. The high-risk category contained 80.3% of all persons with advanced neoplasms. The numbers needed to screen in all persons, persons at low risk, and persons at high risk were 16, 39, and 10, respectively. The AUC was 0.74 (95% CI: 0.70, 0.78), which does not differ statistically from that of the derivation cohort (P ¼ 0.87) ( Table 4 ). In addition, the prediction rule also had good calibration (P ¼ 0.77) (Web Table 2 ).
Sensitivity analysis
The prediction models with a set of variables based on the strongest and most consistent risk factors for colorectal neoplasia or with a set of variables selected according to statistical criteria (without the diet variables) had poor discrimination (AUC ¼ 0.67, 95% CI: 0.64, 0.70) but good calibration (P > 0.05) (Web Table 3 ). The performances of the prediction models, which were developed by backward stepwise logistic regression analyses with different P value cut-offs for removal of variables, were similar and good (Web Table 3 ).
Subgroup analysis by sex or age
The prediction rule not stratified by sex, the prediction rule for men, and the prediction rule for women had similar discriminations (Table 4 ). In the subgroup analysis by age, the discriminations of the prediction rules for older, younger, and unrestricted age persons were also similar ( Table 4) . As the scoring systems of subgroups were different (Web Table 4 ), the rule stratified by sex or age was more complicated than that not stratified by sex or age. The results indicated that the prediction rules did not need to be separately developed by sex or age.
Comparison with alternative prediction rules
Among the 3 prediction rules, the rule from this study had the best discrimination (AUC ¼ 0.74, 95% CI: 0.70, 0.78) ( Table 5 ). In contrast, the prediction rules of both Betés et al. 
DISCUSSION
In this study, we have developed and validated a new prediction rule, which comprised the variables age, sex, smoking, diabetes mellitus, green vegetables, pickled food, fried food, and white meat, to provide accurate risk stratification for advanced neoplasms in average-risk Chinese. The prediction rule had good discrimination and calibration and can be used to identify a high-risk subgroup. If the effectiveness of providing high-risk individuals with colonoscopic screening is confirmed by clinical trials, the prediction rule should be applied in screening practice. In addition, the results from our subgroup analyses showed that the prediction rule did not need to be separately developed by sex or age.
There are good reasons to believe that the new prediction rule is valid and accurate, and generalization of this rule in the Chinese population seems possible. Our results showed that the prediction rule had good discrimination and calibration in derivation and validation cohorts, which were also maintained on internal validation (Table 4 ). The performance indices obtained from internal and external validation were almost the same as those from the derivation cohort. Furthermore, our external validation process evaluated performance in different geographic locales. These results suggest that the prediction rule is robust and valid and likely has generalizable discrimination in varied settings in China. In addition, the prediction rule developed in this study compares favorably with the other 2 prediction rules with regard to discriminating between low-and high-risk persons (8, 10) . In the validation cohort, our results showed that the prediction rule had good discrimination, whereas those of both Betés et al. (8) and Lin et al. (10) displayed lower discrimination (Table 5 ). There are several potential explanations for the poor performance of the 2 alternative rules. First, the prediction rules of both Betés et al. and Lin et al. had poor discriminatory power in their respective derivation cohorts (8, 10) . Second, the prediction rule of Betés et al. was derived in a predominantly male (74.6%) cohort from Spain, and that of Lin et al. was developed in a cohort from the greater Seattle area. Because there are race and ethnicity differences in the prevalence of colorectal cancer (6, 18, 19) , their discriminatory powers may have deteriorated when In both derivation and validation cohorts, there is a significant difference in prevalence of advanced colorectal neoplasms across the 2 risk categories (P < 0.001).
c Proportion relative to all participants of the derivation or validation cohort. d Defined as the number of participants who should undergo colonoscopic screening to identify 1 patient with advanced colorectal neoplasms.
externally validated in more diverse populations, as occurred in our present study (AUC ¼ 0.65). Finally, the derivation process of the prediction rule of Lin et al. is subjective and not based on the results of statistical analysis. This method may have inferior discrimination compared with logistic regression (20) . Our results from sensitivity analyses showed that a prediction rule based on statistical criteria had better discrimination. In addition to the validity and accuracy, strong evidence shows that our prediction rule is also credible. First, we considered all of the known main risk factors of advanced neoplasms for inclusion in the analysis, and no obvious items were missing. Some potential risk factors, such as use of NSAIDs or calcium and vitamin D supplementation, were not significantly associated with advanced neoplasms, probably because few participants in this study had those characteristics (Table 1) .
Second, our findings from the multivariable analysis, which showed that older age, male sex, smoking, diabetes mellitus, higher consumption of pickled food or fried food, and lower consumption of green vegetables or white meat were predictors of advanced neoplasms (Table 1) , were consistent with results from previous investigations (5, (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . Currently, ample evidence demonstrates that older age was associated with higher risk for colorectal neoplasms, and thus guidelines recommend screening colonoscopy beginning at age 50 years for average-risk individuals (5, 21) . The finding in this study, which showed that men were at greater risk for advanced neoplasms than women, was consistent across different populations around the world (22) . Our result showed that smoking more than 20 pack-years had an increased risk of advanced neoplasms (Table 2) . Recently, the bulk of the evidence supports an association between colorectal neoplasms and cigarette smoking (23) . It has been observed that the risk of colorectal cancer and mortality may be increased after 20 pack-years of smoking exposure (24, 25) . Therefore, a guideline recommends that special efforts be made to ensure that screening takes place in active smokers who have smoked for more than 20 pack-years (21) . Our result also showed that diabetes was associated with increased risk of advanced neoplasms, consistent with prior studies (23, 26) . In addition, several studies supported the finding that intake of green vegetables or white meat was a protective factor for advanced neoplasms, while intake of pickled food or fried food was a risk factor (27) (28) (29) (30) (31) . Abbreviations: CI, confidence interval; ROC, receiver operating characteristic. a One thousand bootstrap samples were generated by using resampling with replacement, and averages of these samples were presented to demonstrate the validity of the prediction rule.
b P value refers to comparison of the area under ROC curve between derivation and validation cohorts. c White meat includes fish, chicken, and duck. Finally, we derived the prediction rule by using recommended methods, which were widely used in the derivation and validation of a prediction rule (13) (14) (15) (16) (17) . In sensitivity analyses, we found that a prediction rule based on statistical criteria had better discrimination. A commonly accepted rule requires that at least 10 outcome events per independent variable should be included in a prediction rule (32) . In our derivation sample, 332 patients had confirmed advanced neoplasms, and the final score comprised only 8 variables.
In addition, this prediction rule comprised only 8 readily available components and thus the score is easy to compute. This simplicity will help to promote its use in clinical care and research settings. If the effectiveness of providing highrisk individuals with colonoscopic screening is confirmed by clinical trials, the prediction rule can be applied in screening practice. First, clinicians can tailor colorectal cancer screening based on a person's predicted risk for advanced neoplasms. Colonoscopy for everyone detects all advanced neoplasm lesions but requires great use of resources. In comparison, if colonoscopy is used only for persons with high risk according to the prediction rule, more than 80% of persons with advanced neoplasms will be detected while reducing the number of colonoscopies by about 50%. However, the marginal benefit of colonoscopy is small among persons categorized by the prediction rule as low risk. If colonoscopy is also used for persons with low risk in the entire cohort (n ¼ 7,541), 3,683 additional colonoscopies are needed to detect 86 additional persons with advanced neoplasms (number needed to screen ¼ 43). Second, patients would receive accurate estimates of risk for advanced neoplasms during screening counseling. Finally, clinical research might improve the selection of high-risk participants by incorporating the prediction rule into their inclusion criteria.
Before recommending the adoption of this prediction rule, we must address several potential limitations. First, it is possible that there was an external validity issue. In the present study, participants are likely to be the more health-conscious group and, hence, not the ideal representation of the general population. In addition, China does not have national health insurance coverage. The Chinese health care system and health insurance policy may also have preselected the group of higher socioeconomic status to be enrolled in this study. Therefore, although we performed external validation, the generalizability of the prediction rule was still questionable in the general population. Multisite external validation of the prediction rule in the general population is needed to further characterize its generalizability. Second, as the data about potential risk factors were collected retrospectively, it was very difficult to avoid recall bias. Third, as in any multicenter study, variation among endoscopists may affect the findings. Fourth, the risk for advanced neoplasms in the lowrisk subgroup was not zero, meaning that clinical application of this prediction rule might result in some missed patients with advanced neoplasms. Finally, the assessment of the performance of a clinical prediction rule should be framed in a cost-benefit analysis, but we couldn't perform it. By using the screening strategy according to the prediction rule, 20% of persons with advanced neoplasms would be missed. It is not clear whether the health costs associated with 20% missed advanced neoplasms are larger or smaller than that by screening the entire cohort. Despite these possible limitations, our results suggest that the prediction rule may be accurate, valid, and credible. To our knowledge, this is the first study regarding the use of risk stratification for advanced neoplasms to tailor colonoscopic screening in average-risk Han Chinese persons. Because the screening strategy based on the prediction rule can detect most people with advanced neoplasms while reducing the number of colonoscopies by about 50%, tailoring may improve the cost efficiency of screening.
In summary, we have developed and validated a new prediction rule, which comprised the variables age, sex, smoking, diabetes mellitus, green vegetables, pickled food, fried food, and white meat, to provide accurate risk stratification for advanced neoplasms in average-risk Chinese. A clinical trial is needed to fully address whether the new prediction rule can be applied in the practice of colorectal cancer screening.
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